Abstract-This paper investigates the finite-time event-triggered H ∞ control problem for Takagi-Sugeno Markov jump fuzzy systems. Because of the sampling behaviors and the effect of network environment, the premise variables considered in this paper are subject to asynchronous constraints. The aim of this paper is to synthesize a controller via an event-triggered communication scheme such that not only the resulting closed-loop system is finite-time bounded and satisfies a prescribed H ∞ performance level, but also the communication burden is reduced. First, a sufficient condition is established for the finite-time bounded H ∞ performance analysis of the closed-loop fuzzy system with fully considering the asynchronous premises. Then, based on the derived condition, the method of the desired controller design is presented. Two illustrative examples are finally presented to demonstrate the practicability and efficacy of the proposed method.
found in a broad range of areas, such as power systems, networked control systems (NCSs), and economic systems [1] , [4] , [29] . Therefore, in this context, a large number of researchers have endeavored to investigate MJSs and quantities of related results have been acquired, see, e.g., [6] , [12] , [24] , and [40] . However, it is recognized that many obtained research results are just available for the linear MJSs owing to the inherent complex characteristics of nonlinear MJSs. Thanks to the presented Takagi-Sugeno (T-S) fuzzy model [5] , [8] , [9] , [20] , [27] , [34] , [37] , such complex nonlinear MJSs could be successfully represented in an easy-to-investigate form. As a consequence, it is not surprising that the past years have witnessed a surge of research interest in the study of nonlinear MJSs by using the fuzzy-model-based approach. For details on research advances about this issue, we refer readers to [3] , [21] , and [31] and the references therein.
It is worth remarking that all the aforementioned results related to the primary stability analysis and control issues for MJSs, especially for fuzzy Markov jump systems (FMJSs), are concentrated on the Lyapunov asymptotic stability (LAS). The LAS, as is known, is mainly described as the infinite time interval asymptotic behavior of the state trajectories. Actually, it would not be suitable in some scenarios, where the control objective is to make sure that during a fixed time interval, the states of system are kept in assigned threshold values. For example, the orbital control of a space vehicle from an initial position to the object region was discussed in [2] . Therefore, the finite-time stability emerged from the far-reaching work of [7] has received extensive attention during the past decades, such as finite-time stability and stabilization [2] , finite-time filtering and state estimation [42] , and finite-time control [11] , to name a few. Although the significance of the finite-time stability has been acknowledged, there appears little progress toward this issue for FMJSs, which is one of the motivations behind this paper.
On the other hand, as an irresistible trend, in modern control systems, the data among the sensors, controllers, and actuators are frequently transmitted through a shared communication network. The insertion of the network can offer many advantages including reduced equipment weight, lower deployment costs, and easy maintenance. Such benefits have given a tremendous amount of motivation to extensive applications of NCSs [10] , [23] , [32] . It should be remarkable that the communication bandwidth of the shared communication network, as a scarce resource in NCSs, is usually limited. In the widely used time-triggered control scheme (TTCS), all the sampled data (SD) are required to be transmitted and the actuator state is adjusted at each sampling instant (SI). However, when the states of the controlled plant have arrived or are close to the equilibrium point and no exogenous disturbance input exists, there is little effect of the sensor measurement signal on system performances over those specific time intervals. In this case, some unnecessary SD may be generated. Undoubtedly, transmitting those unnecessary SD reduces the efficiency of communication and leads to unnecessary energy consumptions. To cope with this problem, the event-triggered communication scheme (ETCS), as an alternative communication scheme, has been introduced to overcome the shortcomings of the time-triggered control strategy. Such a communication scheme can efficiently utilize the communication bandwidth since the transmissions of the SD between the controller and the plant occur only when a predefined event triggering condition is satisfied rather than periodically as the case of traditional setups. Up to now, a growing number of works have been devoted to this topic [25] , [30] . To mention a few, to reduce communication burdens, Wen et al. used an event-triggered control method to study the load frequency control for multiarea power systems in [33] ; a discrete event-triggered scheme was presented to investigate the H ∞ controller design for linear NCSs in [35] and then extended to the case of networked T-S fuzzy systems (NTSFSs) in [19] . It should be mentioned that how to use such a method to deal with the H ∞ controller design for FMJSs in the sense of finite-time stability is still challenging.
Moreover, many works reported in the area of NTSFSs are on the basis of the assumption that the controller/filter completely shares the same premise variables with plant [28] . However, such an assumption can be hardly satisfied in NTSFSs because of the sampling behaviors and the effect of network environment. Owing to this reason, the asynchronous premises have been taken into consideration when concerning with the modeling, analysis, and control of NTSFSs. For instance, the stability analysis was carried out in [13] , the event-triggered H ∞ filtering issue was considered in [39] , and the event-triggered control problem was resolved in [19] . However, to the best of our knowledge, there are no solutions available to cope with the finite-time event-triggered H ∞ control problems for FMJSs when such an asynchronous constraint is fully considered, and accordingly seeking satisfactory solutions to this problem is the another primary motivation of the present study.
Summarizing the above discussions, in this paper, we are interested in addressing the finite-time event-triggered H ∞ control problem for T-S FMJSs. The main contributions of this paper lie in the following three aspects. 1) Due to the effect of network environment and complex working environment, two unrealistic assumptions, i.e., the controller/filter completely shares the same premise variables with the plant and there are no random changes in system parameters or structures, in some previous works on the event-triggered H ∞ control problem, are removed in this paper, simultaneously, by employing asynchronous premises and Markov jump model. Therefore, our system model is more comprehensive than existing results.
2) As pointed out in [2] , LAS usually is enough in practice except for some cases when one cannot accept large values of the state (e.g., the presence of saturations), particularly for some complex systems as the T-S FMJSs under consideration. Hence, we make the first attempt that the inclusion of the finite-time stability theory in the event-triggered H ∞ control problem for T-S FMJSs has been fully taken into account, and an available finite-time event-triggered H ∞ control scheme is developed in this paper. 3) Some beneficial negative terms ignored in some existing works (e.g., [14] and [36] ) are taken into account and some auxiliary function based integral inequalities are established, which provide much tighter bounds than the Wirtinger-based inequality and Jensen's inequality. With the help of those beneficial negative terms and inequalities, some double integral terms could be reserved and less conservative results can be obtained, consequently, which will be verified in examples. The rest of this paper is arranged as follows. Section II formulates the problem. The design of the finite-time eventtriggered H ∞ controller for the considered FMJSs is carried out in Section III. The effectiveness and superiority of our developed scheme are demonstrated via two examples in Section IV. Section V finally concludes this paper.
Notations: In this paper, the notations employed are fairly standard. R n denotes the n-dimensional Euclidean space; for symmetric matrix M, the notation M ≥ 0 (respectively, M > 0) means that the matrix M is positive semidefinite (respectively, positive definite); λ min (P) (respectively, λ max (P)) represents the smallest (respectively, largest) eigenvalue of symmetric matrix P; E {·} denotes the expectation operator; Sym {M} represents M + M T and ⊗ denotes Kronecker product; 0 and I stand for the zero matrix and identity matrix with appropriate dimensions, respectively. The transpose of the matrix M is represented by the notation M T . In complex matrix expressions or symmetric block matrices, an asterisk ( * ) is utilized to describe a term that is induced by symmetry.
II. PROBLEM FORMULATION
For fixing a probability space (Ω, F, P), consider the following nonlinear MJS depicted by a T-S fuzzy model.
where the scalar i = 1, 2, . . . , r, r is the number of IF-THEN rules of the system; μ ij (i = 1, 2, . . . , r; j = 1, 2, . . . , g) present the fuzzy sets and ϑ j (t) (j = 1, 2, . . . , g) are the premise variables. x (t) ∈ R n and z (t) ∈ R p are the system state vector and system output vector, respectively. ω (t) ∈ R q is the exogenous disturbance input that belongs to L 2 [0, ∞) and subjects to
The parameter δ (t), which takes discrete values in a finite state space M = {1, 2, . . . ,m}, is a right continuous homogeneous Markov process and the jumping of δ (t) satisfies the transition probability matrix (TPM) Π Δ = {π lm } determined by
where Δt > 0, lim Δ t→0 (o (Δt) /Δt) = 0, π lm 0 denotes the transition rate from mode l to m at time t + Δt if l = m and π ll = − l∈M,l =m π lm .
The dynamics of the fuzzy system model (1), (2) can be derived as follows:
where
is the fuzzy basis function, in which μ ij (ϑ j (t)) is defined as the grade of member-
and
, and F il = F i (δ (t)), respectively, to simplify the notation. In this paper, it is denoted that
In this paper, inspired by the work in [35] , the event-triggered mechanism is that all the transmitted SD are time stamped and only when the following condition is unsatisfied, the SD are transmitted to the controller:
where e k (i k h) is the error between the state x (i k h) at the current SI and the state x (t k h) at the latest transmitted SI, i.e.,
For l ∈ M, σ l are given positive scalars and Ω l are symmetric positive matrices to be determined later. Remark 1: According to (5), one can see that the next release time t k +1 h is determined by
. Therefore, the transmit interval is t k +1 h − t k h and the SD obtained by the sensors during the time interval (t k h, t k +1 h) is not transmitted to the controller completely, which means the ETCS can reduce the bandwidth utilization.
Remark 2: It is easy to see that if we set σ l ≡ 0, the condition (5) cannot be satisfied all the time. In other words, all the SD are transmitted to the controller. In this case, the ETCS degenerates to the case of TTCS.
Before further theoretical development, in this paper, some necessary assumptions are given ahead.
Assumption 1 (see [19] ): In the communication network, the sensors are assumed to be time triggered with the trigger period h. Meanwhile, the event-triggered controller and actuators are taken into account.
Assumption 2: The total network-induced delay considered in this paper isτ t k , which is bounded and satisfies 0 <τ t k τ M , whereτ M is a known constant. The holding time of a logic Zero order hold (ZOH) at the actuator is
, where i k h +τ t k is the instant when the control data packet reaches the ZOH.
Under the above-mentioned assumptions, when
, the error between the future transmitted SI i k +1 h and the current transmitted SI i k h can be deduced as follows:
where t n k h = i k h + nh is the SI between the above two states. Define τ (t) = t − t n k h, then the expression of the transmitted state x (t k h) can be described:
In light of the above-mentioned definition about τ (t), it yields thatτ (t) = 1 for t ∈Ω k and
In this study, the fuzzy-model-based state feedback controllers are designed as follows.
Control Rule j:
where K j are the desired controller gains to be determined for each j = 1, 2, . . . , r. Then, the overall fuzzy controller could be rescheduled by
Remark 3: Most of the existing works in the area of NTSFSs contain the implicit assumption that the premise variables of fuzzy controller are consistent with the fuzzy model. Then, the fuzzy controller is chosen as
However, due to the sampling behaviors and the influence of network environment, the membership functions of the controller and the plant are no longer equivalent in NTSFSs. For this consideration, in this paper, the designed controller is chosen as the representation of (7) rather than
Remark 4: It is well known that a mode-independent controller needs less practical constraints and the mode-independent controller design conditions are more conservative than those of a mode-dependent one. However, in this paper, we design a mode-independent controller rather than a mode-dependent one, which is mainly because of the fact that the accessibility of the jump modes for the controller is difficult to be known exactly since it may be prohibitively expensive, and sometimes even impossible to obtain all the information of the plant modes, especially under the event-triggered mechanism. Hence, considering a mode-independent controller in this paper is more effective and has broader application prospects when the information on jump modes for the controller is not available.
Substituting (6) into (7), we can obtain
Inspired by [19] , the membership functions are also subject to the following constraints:
where ρ j > 0, Δ j 0 (j = 1, 2, . . . , r). Lemma 1 (see [19] ): If the membership functions are subject to (9) , then one has
represent min{ρ j } and max{ρ j } during the operation, respectively.
Remark 5: For asynchronous constraints (9), it is not difficult to find that when φ = 1, max j =1,2,...,r {κ
In other words, the membership functions of a fuzzy controller are always the same with the fuzzy model (1), (2), i.e., h j (ϑ(t k h)) = h j (ϑ(t)), which has been widely considered in the existing literature. In this case, the controller is simplified into the general pointto-point connected controller. Thus, the synchronous premises can be deemed as a peculiar case of asynchronous ones, which means that the considered asynchronous premise for NTSFSs is more general in this paper.
Combining (1), (2), (8), and (9), the closed-loop fuzzy system (CLFS) (Σ) could be rearranged as follows:
To describe the objective of this paper, the following lemmas and definitions are introduced at first.
Lemma 2 (see [17] , [18] ): For any vectors ζ 1 , ζ 2 , matrices Υ > 0, , and real scalars k 1 > 0, k 2 > 0 satisfying k 1 + k 2 = 1, the following inequality holds:
Lemma 3 (see [38] ): The following conditions
are equivalent to the inequality as follows:
where constant matrices Δ, Δ 1 , and Δ 2 are with appropriate dimensions, ∈ [0, ϑ] and ϑ > 0. Definition 1 (see [11] ): Given two fixed scalars a 1 > 0, a 2 > 0 and a positive matrix R > 0, system (Σ) with ω (t) ≡ 0 is of finite-time stable with regard to (a 1 , a 2 , t p , R), if the following condition holds:
Definition 2 (see [11] ): Given three fixed scalars a 1 > 0, a 2 > 0,ω > 0 and a positive matrix R > 0, system (Σ) is of finite-time bounded (FTB) with regard to (a 1 , a 2 , t p , R,ω), if the following condition holds:
Definition 3 (see [11] ): Given three fixed scalars a 1 > 0, a 2 > 0,ω > 0 and a positive matrix R > 0, system (Σ) is of FTB with regard to (a 1 , a 2 , t p , R,ω) and satisfies a prescribed H ∞ performance level γ, if (a) system (Σ) is of FTB with regard to (a 1 , a 2 , t p , R,ω) in Definition 2; (b) under zero initial state and for any nonzero ω (t) ∈ L 2 [0, ∞), the following condition is ensured:
In light of these definitions, the issue to be investigated in this paper could be formulated as follows. Designing a controller of form (7) for the given system (1), (2) such that the CLFS (10)- (12) is FTB with regard to (a 1 , a 2 , t p , R,ω) and satisfies the given H ∞ performance level γ in Definition 3.
III. MAIN RESULTS
For the addressed problem in this paper, this section will develop a controller design method. First, an FTB H ∞ performance analysis criterion for the CLFS (10)- (12) is established. For presentation convenience, throughout this paper we denote the following functions for ς = 1, 2, κ = 1, 2, . . . , 12, and any matrix X :
and denote the following functions that will be used in Theorem 1:
with 
Proof: Choose a stochastic Lyapunov functional for system (Σ) as follows:
As operated in [36] , we define the weak infinitesimal operator L. Thus, it follows that
From (16), we can see that Φ 1l > 0, Φ 2l > 0, Φ 3l > 0, and Φ 4l > 0. Then, applying the inequalities in [18, Lemma 5.1], it leads to
− τ (t)
Additionally, from (10), for matrices Y 1 and Y 2 with any compatible dimensions, the following equality holds:
In view of (19)- (31), it follows that
Using Schur complement and Lemma 3, (13) and (14) imply that
When φ = 1, as pointed out in Remark 2, the membership functions used in the controller are the same with the fuzzy plant and ρ i ρ j ≡ 1. In this case, it can be obtained from (34) and (35) that for i < j, the following inequality holds:
Since φ ρ i ρ j , it could be obtained from (34) and (35) that for i < j, the following inequality holds:
that is
It follows from (32), (33), (36), and (37) that for φ 1, the inequality is established as follows:
Integrating both sides of (38) from 0 to t and taking the expectation, it may be calculated that for each l ∈ M
Since λ > 0 and exp (−λs) < 0 for 0 < s < t t p , it follows from (39) that
What is more, it is not hard to observe from (18) that
which when combined to (41) and (17) implies that
According to Definition 2, the CLFS is of FTB with regard to (a 1 , a 2 , t p , R,ω) , i.e., the condition (a) in Definition 3 is guaranteed.
Moreover, under zero initial condition, it can deduce from (40) that
where γ =γ exp(λt p ). Here, one can see that the condition (b) in Definition 3 is also ensured. Therefore, in light of Definition 3, the CLFS (Σ) is of FTB with regard to (a 1 , a 2 , t p , R,ω) and accords with a prescribed H ∞ performance level γ. Remark 6: Theorem 1 provides a bounded real lemma for the resulting CLFS (10)- (12) . To reduce the conservatism of the obtained condition, some integral inequalities introduced in [18, Lemma 5.1], which present tighter upper bounds than those gained by the extended-Wirtinger-based inequality or Jensen's inequality in [41] , are employed in this paper. For the same reason, some double integral terms, e.g.,
introduced in the state-augmented vector ξ(t).
Remark 7: Like most of the literature on the analysis of Markov jump delayed systems, some mode-dependent matrices (that is,P l , Q 1l , Q 2l , Q 3l , Q 4l ) are employed in the proposed Lyapunov functional. In the derivation of the weak infinitesimal operator L, one has to ensure that Φ υ l > 0, υ = 1, 2, 3, 4. In the existing results [14] , [36] , such a condition [i.e., (16)] was not fully considered in presenting the main conditions (like (13) and (14) in Theorem 1). Since it is easy to see that −Φ υ l < 0, υ = 1, 2, 3, 4, the inequality conditions (13) and (14) can become more feasible by adding some terms including Φ υ l , υ = 1, 2, 3, 4, such as − ς +4 Φ 1l
It is remarkable that many methods have developed to handle the time delay in the system. The BesselLegendre (B-L) inequality method first introduced by Seuret and Gouaisbaut in [16] and [22] is an outstanding one. However, as stated in the third paragraph of the Introduction of [18] , it is not a recommendable scheme in this paper. The main reasons are that: for one thing, the event-triggered systems are translated into time-varying delayed systems rather than the constant delayed ones; in addition, up to now, the B-L inequality method is mainly used in addressing the stability analysis issue, it is not easy to be applied to the control synthesis problem, particularly for multimode complex systems, such as fuzzy MJSs under consideration in this paper. But we believe that how to use the B-L inequality method to synthesis a controller for FMJSs will be an interesting question. A direct future work will be the study of such a topic in the network-based framework.
On the basis of the FTB H ∞ performance analysis criterion conducted previously, we are now in a position to address the design issue of an H ∞ controller by using an ETCS. Therefore, the following theorem puts forward the sufficient condition, which ensures that the solutions to such an issue are existent. Before presenting Theorem 2, we first denote the following functions, which will be used in Theorem 2: 
Then, by pre-and postmultiplying (42) by diag V −T , I and its transpose, respectively, it is easy to obtain (13) . Using the same way, pre-and postmultiplying (43) by diag{V −T , I, I} and its transpose, respectively, (44) by diag{V, V, V, V, V, V} −T and its transpose, respectively, (45) by diag{V, V, V, V} −T and its transpose, respectively, we can get (14)- ( 16). Using Schur complement, it could be observed from (47) that
Pre-and postmultiplying (51) by (V ⊗ I) −1 and its transpose, respectively, we can get that −P l + λ 1 R 0, which implies that
Additionally,
Combining (48) with (53) and using Schur complement, it follows that −λ 2 
Following a similar line, one can obtain from (49) and (50) that
Combining (44), (52), and (54)-(56), one can get (17) . Remark 9: By means of Theorem 2, the designed method to the desired fuzzy-model-based controller of the form in (7) is presented for the underlying system (1), (2) . In order to convert the design problem into a convex optimization problem readily solved by the standard software, some scalars are introduced in the derivation, such as λ ϕ 2 (ϕ 2 = 1, 2, . . . , 9). A possible way to reduce the conservativeness is to replace these scalars with some matrices, which could be considered as an extension of the paper in the future.
Remark 10:
We can notice that if set M = {1}, the system (3), (4) is reduced to the extensive researched fuzzy system, e.g., [19, system (10.7) ]. From this point, the FMJSs have general applicability. Moreover, the proposed method can be utilized to handle the stability analysis of the extensive researched fuzzy systems, which is given as the following corollary.
Before giving the corollary, let us recall the extensive researched fuzzy system:
and denote the following functions for ς = 1, 2, κ = 1, 2, . . . , 10, and any matrix X :
Corollary 1: Given scalarsγ > 0, τ M > 0, φ 1, σ 0, matrices K j , then the system (10)- (12) is asymptotically stable and accords with a fixed H ∞ performance levelγ, if there exist matrix Ω, symmetric matrices G, 
Proof: The proof of this corollary is similar as Theorem 1 and omitted here.
IV. NUMERICAL EXAMPLES
Two examples are given in this section. In the first example, we first verify that Corollary 1 is superior to [19, Th. 10.1] . Then, we investigate the relationship of σ, φ , τ M , γ and obtain some conclusions. In the second example, a modified truck-trailer model is provided to explain the effectiveness and practicability of our theoretical results.
Example 1: Consider the system (57) with the following parameters, which are borrowed from [19] :
To compare the minimum value of the H ∞ norm bound γ with [19, Th. 10 .1], the other system parameters are assumed as follows: Table I . Step I: Given some values for scalarsγ , φ, σ.
Step II: Given an accuracy coefficient Δτ and a search upper bound τ + for τ M . Then let τ − = 0.
Step III: Let τ = (τ − + τ + ) * 0.5 and solve the LMIs in Corollary 1.
Step From Table I , we can find that under the same σ, the minimum optimal H ∞ performance γ by using Corollary 1 is smaller than it by using [19, Th. 10 .1], which shows that our method is superior to [19] . Moreover, the relationship between τ M , σ, and φ is analyzed with the aid of Algorithm I by using Corollary 1 withγ = 0.7. The corresponding computation results are listed in Table II and Fig. 1, respectively . As clearly shown in Table II and Fig. 1 , the maximum value of τ M is decreasing as σ or φ increases.
Moreover, using the similar method, the minimum optimal H ∞ performance γ can be computed by using Corollary 1 with τ M = 0.3 for different σ and φ, that are presented in Table III and Fig. 2 , respectively. From Table III and Fig. 2 , it is obvious that the minimum value of γ is increasing with σ or φ increasing.
Remark 11: It should be pointed out that from Tables II and III, we can find that the parameter φ affects the performance of the system. It indirectly shows that the consideration of asynchronous premise variables is necessary and reasonable.
Remark 12: From Tables II and III , one can also observe that the maximum value of τ M and the minimum value of γ are obtained at σ = 0. It is worth noting that when σ = 0, as pointed out in Remark 2, the communication scheme is time triggered, i.e., all the SD are transmitted to the controller. These facts imply that when the network bandwidth is adequate, the system can acquire better performance by using TTCS rather than ETCS. However, it is worth pointing out that in NCSs, the communication bandwidth is a scarce resource and in this case, the TTCS may be unavailable. Fortunately, the ETCS can be employed to effectively reduce the usage of bandwidth, which will be demonstrated later. Example 2: Consider the following truck-trailer model modified from [15] and [26] : 
where the parameters are borrowed from [15] as follows:
, h 2 (x 1 (t)) = 1 − h 1 (x 1 (t)) .
Moreover, we assume the system output vector z (t) as the following form: In addition, let the exogenous disturbance input be ω 1 (t) = √ 0.021/(1 + t 2 ), we can see that t p 0 ω T (t) ω (t) dt ω = 0.64. According to Remark 7 and to show the effectiveness of taking the beneficial negative termsΦ υ l , υ = 1, 2 is ignored in some existing works (e.g. [14] and [36] ) into account, applying Theorem 2 with the following parameterŝ ω = 0.64, λ = 10 Table IV .
From Table IV , it is obvious that the minimum value of γ is decreasing with a 2 increasing. Especially, when a 2 = 85, Theorem 2 withoutΦ υ l , υ = 1, 2, is infeasible, however, Theorem 2 withΦ υ l , υ = 1, 2, is feasible. This fact directly shows that taking the beneficial negative termsΦ υ l , υ = 1, 2, into account can reduce the conservativeness efficiently.
Then, let a 2 = 85, γ = 2.8 and other parameters be the same as aforementioned, the corresponding trigger parameters and The simulation result of the open-loop system is given in Fig. 3 and one can see that it is not FTB. Under the obtained trigger parameters and gain matrices of the controller (7), the transmit interval is plotted in Fig. 4 . The state responses of the CLFS, x T (t) Rx (t) and possible mode evolution are plotted in From Fig. 4 , it can be computed that only about 32.53% of all SD are transmitted to the controller within simulation duration 10 s, which means that the communication burden is largely reduced by using the proposed ETCS. From Fig. 5 , one can see that the CLFS is of FTB, which indicates the availability of the developed design approach. 
V. CONCLUSION
The issue of event-triggered H ∞ control over a finite time interval for T-S FMJSs with asynchronous premises is investigated in this paper. The ETCS is employed to reduce the communication burdens. By using the asynchronous premise reconstruct method, the asynchronous constraints on membership functions are well utilized. Moreover, by utilizing the Lyapunov-Krasovskii approach and the finite-time analysis, some sufficient conditions for finite-time boundness with a fixed H ∞ performance analysis of the considered system have been derived and the corresponding H ∞ controller design has been carried out. Finally, both a numerical example and a modified truck-trailer model are provided to show the utilizability and practicability of our theoretical results. It is noteworthy that the results presented in this paper can be broadly extended to FMJSs with parametric uncertainties, fuzzy semi-MJSs and delayed FMJSs, and so on, which deserves further exploration.
